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ESTIMATION OF INTERPROVINCIAL MIGRATION FOR CANADA 
FROM PLACE OF BIRTH BY RESIDENCE DATA, 1951-1961 


M. V. George 
Demographic Analysis and Research Section, Census Division, Dominion Bureau of 
Statistics, Ottawa, Canada, and Department of Sociology, University of Ottawa 


Abstract—In Canada, unlike many other countries, birth-residence data by 
age and sex are available in each of the decennial censuses from 1931 to 
1961 which permit the estimation of intercensal net migration for the 
provinces and regions. After a brief discussion of the basic measures of 
migration from birth-residence data the paper focusses on the problems 
and procedures in estimating interprovincial net migration, 1951-1961 for 
Canada using “the place of birth survival ratio method,” and it evaluates 
the estimates thus obtained. The evaluation of the estimates, taking into 
consideration the inherent limitations of the method and its merits com- 
pared with period migration estimates by the census survival ratio method 
and life table survival ratio method, suggests that the net migration esti- 
mates for the Canadian born by the place of birth survival ratio method 
are probably more reliable than those by the other two methods. One 
striking finding was that the net migration curves by age obtained from 
the census survival ratio and place of birth survival ratio estimates were 
smoother than the curve obtained with the use of the more accurate life 
table survival ratios. Furthermore, whatever the relative accuracy of net 
migration may be, the birth-residence approach is capable of furnishing 
more details about the net migration of the native born than by the 
standard survival-ratio methods. For the population under age 10 inter- 
censal estimates were directly derived from the place of birth and resi- 
dence distributions by age. 


Statistics of persons classified jointly 
by place of birth and residence and tab- 
ulated by age and sex for the same set of 
areal units at successive censuses are sel- 
dom available to make full use of place 
of birth data for estimating intercensal 
migration. In Canada, unlike many 
other countries, place of birth data by 
age and sex are available in each of the 
decennial censuses from 1931 to 1961 
which permit the estimation of inter- 
censal net migration by age and sex for 
provinces and regions. This paper dis- 
cusses the problems and procedures in 
estimating intercensal net migration for 
the provinces of Canada, 1951-1961, 


123 


using the “place of birth survival ratio 
method,” and it compares migration esti- 
mates thus obtained with other estimates 
based on survival ratios for the same 
period. Migration estimates for other 
decades using the same procedure are 
made in a recent monograph by the 
writer (George, 1970). 


1. Tue Bastc Measures or MIGRATION 
FROM PLACE oF BirtH DATA 


The basic measures of migration from 
place of birth data and the superiority 
of migration estimates from place of 
birth data over estimates by the census 
survival ratio method are discussed in a 
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number of studies and need not be re- 
peated in detail (See Lee, 1957, pp. 57- 
64; Zachariah, 1964, C. III; Eldridge, 
1965a, C.V.). Replies to the place of 
birth question divides the population 
into two major components, those enu- 
merated in the place of birth, the “non- 
migrants;” and those enumerated outside 
the place of birth, the “migrants.” From 
these data it is possible to estimate the 
migration flows into and out of provinces 
or other spatial units depending on how 
the data are collected and tabulated. In 
terms of place of birth data available for 
Canada, for example, a person is a mi- 
grant if he is enumerated in a province 
other than his province of birth. Thus, 
within the limitations of that definition, 
the following migration measures can be 
derived: (i) the lifetime in-imigrants to 
the province (I); (ii) the lifetime out- 
migrants from the province (O); and 
(iii) the lifetime net migration in the 
province or the “birth residence index” 
(M=I-O). 

The above migration indices, in-, out-, 
and net migration, however do not refer 
to any specified time period. These are 
lifetime migration indices which repre- 
sent the survivors of persons who have 
migrated out of the province of birth and 
the return migrants, i.e., those returned 
to the province of birth from the prov- 
ince of residence at anytime since they 
were born. Thus, the place of birth data 
relate to the surviving lifetime migrants 
and not to gross migration and they re- 
fer to the date of the census and not to 
any specific period preceding the census. 
A partial solution of this problem is the 
estimation of intercensal net migration. 


2. MeEtTHOD orf ESTIMATING 
INTERCENSAL NET MIGRATION 


The simple procedure to estimate in- 
tercensal net migration is to subtract the 
place of birth information for the earlier 
census from that for the later census. 
Thus, for example, if J1, O; and M, are 
the in-, out-, and net lifetime migrants, 
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respectively at the first census in prov- 
ince A, and Is, Oo, and Mz are the cor- 
responding lifetime migrants in the sec- 
ond census, then an estimate of net 
migration (M) for A during the inter- 
censal period is given by: 


M =(I,—02)—(I1—-0,) or Ma—M,. 
(1) 


There are two components of net-migra- 
tion in this estimate which can be 
separated. They are: (i) intercensal net- 
migration among persons born outside 
the province (Iz — I,), and (ii) the in- 
tercensal net-migration among persons 
born in the province concerned (O2 — 
O,). The difference between the two 
components also gives the intercensal 
net-migration. Thus, 


Net M = (I, = tT) == (O, —< O,). (2) 
The same formula may be written as: 


Net M=(;,—-1)+(0,-0,). (3) 


The above method for estimating in- 
tercensal net migration is subject to 
errors in the basic data, and “errors” 
caused by mortality, return migration, 
multiple movements and international 
migration (the term “error” in this con- 
text refers to the extent to which the 
above procedure fails to estimate inter- 
censal net migration from place of birth 
statistics). In the case of migration be- 
tween a province and two or more other 
provinces, there is an additional short- 
coming because of the failure to identify 
the circular movements. For example, if 
a person born in province A moves to 
province B and then to C during an in- 
tercensal period, he will appear as a case 
of direct movement from province A to 
province C, and thus the procedure fails 
to identify the movement from province 
B to C. 

In addition to the above limitations in 
the migration estimates derived from the 
place of birth data, the errors in the re- 
porting of place of birth information 
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should be kept in mind while interpret- 
ing the results. Although the place of 
birth information is a fundamental fact 
in life, if the information is given by 
another person, especially when date of 
birth is rather removed in time from the 
census date, the probability of inaccu- 
rate information may increase. When 
comparing figures based on this informa- 
tion, it is thus implicitly assumed that 
the degree of correctness is identical in 
all provinces of residence for all prov- 
inces of birth and of the same magnitude 
in the successive censuses. Further, some- 
times, cases of “spurious” migration 
must be assumed to be included among 
these figures, for example, when some- 
one has been born in a hospital just 
across the border of a province. Such 
persons not born at the usual province 
of residence of their parents become mi- 
grants according to the place of birth 
data. It may be noted, however, that 
even if the estimates of lifetime in-mi- 
gration and lifetime out-migration are in 
error because of the misstatement of 
place of birth information, the estimates 
of lifetime net migration need not be in 
error because errors cancel out in net 
migration estimates, Also, even if there 
is error in the estimates of net lifetime 
migration, the estimates of intercensal 
net migration can be free from the errror 
if the absolute errors in the place of birth 
data for the two successive censuses are 
of the same magnitude and of the same 
direction. 

The estimates using formulas (1), (2) 
and (3) give only an estimate of the 
number of surviving intercensal net mi- 
grants and not an estimate of total in- 
tercensal net migration. The most seri- 
ous error in the estimation of intercensal 
migration by this method is caused by 
mortality (See Lee, 1957, pp. 57-64; 
Zachariah, 1964, C. III; Shryock, Jr., 
1964, Appendix A; George, 1965, C. III). 
The studies cited assume that the popu- 
lation is not affected by external migra- 
tion of the natives (Canadian born) but 
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this is not true for Canada where sub- 
stantial migration of native born takes 
place between Canada and the United 
States for which special adjustments of 
native-born population are required. The 
effect of mortality on the estimate of net 
migration during the intercensal period 
can be assessed easily by studying sep- 
arately its effect on the estimates of in- 
tercensal net in-migration (Iz — I,) and 
net out-migration (O2 — O;). In order 
to illustrate this, migration between On- 
tario and all other provinces together is 
considered. Also, it is assumed that there 
are no errors in basic data and there is 
no international migration among Ca- 
nadian born during the intercensal 
period. 

The number of life-time in-migrants 
to Ontario at the second census, I, is 
equal to: 


I, = I, minus deaths among J, dur- 
ing the intercensal period: (1 — S) 
(J,) plus surviving in-migrants to 
Ontario during the intercensal period 
who were enumerated in the second 
census: SM, 

minus portion of the survivors 
among I,;, who moved out from On- 
tario before the second census: 
(i— pS: 


Therefore 
RL=1,-- Sh 
+ SM,-(1- p)SI,, 


where S is the overall intercensal sur- 
vival ratio (this refers to the total popu- 
lation and not to any age group) 
applicable to the in-migrants to Ontario 
(11); and p is the proportion of surviv- 
ing in-migrants among I;, who were 
enumerated at the second census, 

The difference Iz — J, as an estimate 
of intercensal net in-migration to Ontario 
is in error by the amount—(1 — S)J; — 
(1 — p) SI,. This is equal to the deaths 
among in-migrants who came to Ontario 
at any time before the first census and 
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the return migration among J;. Whatever 
the magnitude of error due to return 
migration may be, it is not possible to 
correct this. If adjustment is made for 
the deaths among J,, the intercensal net 
in-migration estimate will be: 


(I, a SI) cS SM; = (1 a p) SI. 


The number of out-migrants from 
Ontario enumerated in the second census 
will be: 


Oz = O; minus deaths among 0, 
during the intercensal period: 1 — S 
(O;) plus surviving out-migrants 
from Ontario during the intercensal 
period who were enumerated in the 
second census: SMo 

minus the portion of the survivors 
among O,; who returned to Ontario 
before the second census: (1 — p) 
SO;. 


Therefore, 


0, = 0, —-(1— S)0™; 
+ SM, — (1 — p)SO,. 


The difference O2 — O; as an estimate 
of intercensal net out-migration from 
Ontario is in error by the amount— 
(1 — S)O, — (1 — p) SO,. This is 
equal to the deaths among out-migrants 
who moved out from Ontario at any 
time before the first census and the re- 
turn migration among Q,. If adjust- 
ments for deaths among O, is made the 
intercensal net out-migration estimate 
will be: 


(OF — SO,) = SM, — (1 — p)SO,. 


Putting the two components together, 
I and O, the estimate of the intercensal 
net migration to Ontario (Ig — I,) — 
(O2 — Ox) can be obtained. 
Thus: 


(I. val I,) ab (0. = 0:) 
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= -(1- 9h+(1—90,-A—p)ST, 
4+. (l=) SO; zs Manse Mar 


The correct estimate of intercensal net 
migration to Ontario according to the 
place of birth data is SM; — SMo (the 
difference between surviving in-migrants 
and surviving out-migrants), the other 
terms being error components due to the 
effect of mortality and return migration. 
If adjustment is made for mortality 
among I, and Q,, the intercensal net 
migration estimates may be free from 
the major source of error and the esti- 
mate will be affected only by the factor 
of return migration. Although it is diffi- 
cult to make any adjustment for the 
factor of return migration because of the 
non-availability of required data, there 
is every possibility for at least a part 
of this error being cancelled out in the 
estimation of intercensal net migration. 
If (1 — p) SI, and (1 — p) SO, are of 
equal value, the intercensal net migra- 
tion estimates will be free from this 
error. 

It is fairly clear from the preceding 
discussion that in the estimation of 
intercensal migration using equation (1) 
under the two assumptions stated, the 
most serious error is caused by mortality, 
All those among J, and O, groups who 
die during the intercensal interval will 
appear as ‘‘fresh migrants’’ if estimates 
are made without mortality corrections. 
The data required for fairly refined 
mortality corrections are the place of 
birth data by residence cross-classified 
by age and sex for successive censuses 
and appropriate age-specific survival 
ratios. In situations where the required 
data for refined mortality corrections 
are not available, an overall survival 
ratio (ratio of persons aged n years 
and over in the country at the second 
census at time ¢ + n to persons of all 
ages in the first census at time ¢, i.e., 
Pas;t+n/P, under the assumption of 
a “closed” population) or the overall 
life table survival ratio (7/7) cal- 
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culated from a life table covering the 
period may be used. Thus, in the absence 
of place of birth-residence data by age, 
migration for all ages together with 
avierid correction (JZ) will be: 


= (I, — 0.) — SH, — O,). 


ae required birth residence data 
cross-classified by age and sex are read- 
ily available for each of the provinces 
of Canada in the decennial censuses since 
1931 for estimating intercensal net mi- 
gration from these data. Assuming that 
the native-born population is reasonably 
“closed” (i.e., not affected by inter- 
national migration), it is possible to 
calculate provincial intercensal age- 
specific census survival ratios for the 
population born in a province (in-born), 
including both those living in the prov- 
ince and those living elsewhere at each 
census date. By applying such survival 
ratios to the population born in a 
province and residing there and in each 
of the other provinces in the first census, 
expected numbers of this population for 
the second census can be obtained. The 
difference between the expected numbers 
and the corresponding numbers enu- 
merated in the second census are esti- 
mates of net change due to the inter- 
censal migration of population born in 
each province with reference to each of 
the 11 provinces (including Newfound- 
land, and taking Yukon and Northwest 
Territories as one province). By repeat- 
ing this operation for each province, net 
change due to migration of in-born pop- 
ulation of each province can be estimated 
for that province and each of the other 
10 provinces. From these can be accu- 
mulated, for each province, the inter- 
censal net migration by age and sex of 
population born in each province (in- 
born), which is usually net out-migra- 
tion, and the net migration of population 
born outside the province (out-born), 
which is usually net in-migration. The 
sum of these two represents the net mi- 
gration for the province. The details of 
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the computational procedures are ex- 
plained in Eldridge and Kim (1968) and 
George (1970, Appendix B). 


3. ADJUSTMENTS FOR THE OPEN NATURE 
OF THE CANADIAN-BoRN POPULATION 


As mentioned earlier, a “closed” pop- 
ulation is a condition to calculate the 
survival ratios of the in-born by age and 
sex for each province. Because the place 
of birth method is used only to estimate 
the intercensal net migration of the 
Canadian born, adjustments are to be 
made only for external migration of 
this group. Although separate records of 
the external movements of the Canadian 
born do not exist, there is enough evi- 
dence to show that the majority of Ca- 
nadian-born emigrants went to the 
United States. According to the U. N. 
Demographic Year Book 1963, of the 
total number of Canadian-born emi- 
grants enumerated in other countries in 
the 1960’s, about 93 per cent were enu- 
merated in the United States. It was 
therefore assumed that the native-born 
population enumerated in Canada and 
the United States together would make a 
reasonably closed population for the 
purpose here and on this assumption, the 
numbers of the Canadian born enumera- 
ted in the U.S. censuses in 1950 and 1960 
were added to the corresponding num- 
bers enumerated in Canada in 1951 and 
1961, respectively. Because there is a 
difference of 11 months between the 
United States census date and the Ca- 
nadian census date, figures of the Ca- 
nadian born enumerated in the United 
States censuses and in the Canadian 
censuses do not take into account the 
flows of the Canadian born between the 
two countries and their deaths during 
the periods of 11 months at both ends of 
the intercensal intervals. No special ad- 
justment of the data has been made for 
the possible double counting and/or un- 
dercounting arising from this difference 
of 11 months. Because the flows between 
the United States and Canada are in 
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both directions, and the number involved 
is likely to be small, it is reasonable to 
assume that much of the limitations of 
the data on account of this source cancel 
out to a considerable extent. 

Another problem was that in 1960 the 
Canadian-born population enumerated 
in the United States censuses was not 
given in five-year age groups. After try- 
ing several methods, it was decided to 
distribute the given population distribu- 
tions in 1960 into five-year age groups 
(without affecting the numbers in given 
age groups) on the basis of the age dis- 
tributions of the foreign-born popula- 
tion enumerated in Canada in 1961. A 
comparison of the given age distributions 
of the Canadian born in the United 
States in 1950 and 1960 showed that 
they were strikingly similar to the cor- 
responding distributions of the foreign 
born enumerated in Canada. Keyfitz 
(1950) also observed such similarity for 
the years 1910 and 1930 and used the 
same procedure in his study. The pro- 
portion of the Canadian born enumera- 
ted in the United States to the total 
Canadian-born population was 7.7 per 
cent in 1950 and 5.8 per cent in 1960. 

In the United States censuses, the Ca- 
nadian born were not given by province 
of origin, which created the problem of 
thus distributing them. However, except 
in 1960 the number of Canadian-born 
persons living in the United States were 
classified as being of French or non- 
French origin, which helped to make 
possible fairly reasonable proportional 
distributions. The people of French ori- 
gin in Canada are concentrated in Que- 
bec, Ontario and New Brunswick in 
which provinces the percentage distribu- 
tions in 1961 were 76.8, 11.6 and 4.2, re- 
spectively. Hence, separate distributions 
of Canadian-born people of French ori- 
gin and non-French origin were made 
only for these three provinces calculated 
as follows: (i) population of French ori- 
gin by age and sex in the United States 
in each census was distributed according 
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to the corresponding proportion of the 
population of French origin in Quebec, 
Ontario and New Brunswick to the total 
population of French in Canada; (ii) 
the remaining portion of population of 
French origin was merged with the pop- 
ulation of non-French origin living in 
the United States and distributed accord- 
ing to the ratios of population of non- 
French in each province (assuming the 
total population as being non-French in 
all the provinces except the three men- 
tioned) to the total non-French in Can- 
ada; and (iii) the separate figures of 
French and non-French origins estimates 
for Quebec, Ontario and New Brunswick 
were combined to obtain the total dis- 
tribution of the Canadian born in each 
of them. Although there is no adequate 
statistical or empirical evidence to prove 
the validity of the pro rata distribution 
used here, the analysis of the flow of in- 
and out-migration in Canada and the 
United States indicates a positive associ- 
ation between in- and out-migration 
rates (Kasahara, 1963, p. 27; Shryock, 
1964, pp. 194 and 195). 

The estimated age-sex distributions 
of Canadian born enumerated in the 
U.S. censuses by province of origin were 
finally added to the corresponding Ca- 
nadian-born populations of each prov- 
ince. The resulting totals for each gave a 
reasonably closed population of native 
born for each province in 1951 and 1961. 
In pooling the data on the Canadian- 
born population as described, it was also 
assumed that the patterns of errors of 
enumeration were the same in the Ca- 
nadian and the U.S. censuses. 

Using the estimated in-born popula- 
tion distributions, the intercensal sur- 
vival ratios of the native born for each 
province for the period 1951-61 were 
calculated as explained in Section 2. 
(These ratios appear in George, 1970, 
Table 3.3.) The survival ratios for five- 
year age groups should normally in- 
crease up to the age group 5-9 and then 
decrease gradually with increasing age. 
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The calculated survival ratios not only 
deviate from this normal pattern, but 
also exceed unity for some age groups. 
Such a deviation from the normal pat- 
tern of survival ratios may be due to the 
separate or combined effect of (i) errors 
in age reporting; (ii) under-enumeration 
or over-enumeration; (ili) misstatement 
of place of birth either at the initial or 
terminal censuses; and (iv) errors in the 
adjustment of the data for international 
migration of the Canadian-born popula- 
tion. In most cases, survival ratios for 
ages 0-4 to 10-14 are greater than unity 
suggesting appreciable under-enumera- 
tion of children in the age group 0-4. 
Also, in most of the provinces, the ratios 
are greater than unity for the age groups 
25-29 to 35-39 and 30-34 to 40-44, sug- 
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gesting again appreciable under-enumer- 
ation in the most mobile age groups 25— 
29 and 30-34 which seems to be more in 
the 1951 census than in 1961, or some 
systematic bias in the reporting of ages. 
These survival ratios were applied to the 
appropriate age-sex and residence dis- 
tributions of the in-born population of 
each province (enumerated in the proy- 
ince and outside), and estimates of the 
intercensal net migration of in-born, out- 
born and the net balance (sum of the 
two) for each province were obtained by 
subtraction of expected from observed 
numbers. The results are given in Table 
1 


4, ALTERNATE PROCEDURE 
According to the procedure used in the 


Taste 1—Net Migration of In-born and Out-born and Net Balance of Interprovincial 
Migration of Canadian Born Aged 10 and Over, by Age and Sex, 1951-61. 


Newfoundland Prince Edward Island Nova Scotia 

Age n= Out- Net In- Ouse Net n= Out= Net 
in 1961 born born balance born born balance born born balance 
MALES 

10 - 14 -1,256 196 -1,060 rt IPAT 64 - 663 - 4,087 1,238 - 2,849 
15 =- 19 -1,019 105 - 914 =) 5157 els a= SD oc} SiGe A. OLY al osheia 
20 - 24 -2,439 5227 = 1, od -1,344 246 -1,098 - 6,365 4,248 - 2,117 
25 - 29 -1,938 554 -1,384 =] S54) 82320 eLOs ro Ustyitsheyy/e ld PASC We > SHERPA 
30 - 34 = 666 216 - 450 - 595 = 98 = 693 - 2,228 - 421 - 2,649 
35 — 397 = 95723! 118 - 603 - 310 -114 - 424 SIGS =“ LOL ep Leo 
40 - 44 142 96 238 =) 165 =—S/20= Saou - 603 - 78 - 681 
45 -— 49 182 37 219 - 66 - 16 - 82 - 246 - 75 - 321 
50p—— S548 — 118 22 - 96 - 90 - 14 —- 104 - 554 - 112 - 666 
55-59 =- 118 19 = 99 ~ 14 4- 10 ~ 135 - 44 = 179 
60 - 64 = 66 - 14 - 80 65 Ls 78 30 Shab 61 
65 69 i ly eh) 8 63 8 fil L168) =) 9.95 73 
70+ alesis) a Pa 109 93 S' 96 479 59 538 
Total, 

10+ -7,867 1,838 -6,029 -4,941 238 -4,703 -24,636 8,464 -16,172 
FEMALES 
10 - 14 -1,120 219 - 901 - 707 62 - 645 =—3 7,000, Lyekse = 2, 155 
15 - 19 -1,084 BS = i050 - 589 - 20 - 609 - 3,022 706 - 2,316 
Z0n=e2 49 =2,09)7 3145=1),783 -1,460 166 -1,294 = 6,153 ys = 4,436 
251 298 rao ee Ze 417 -1,805 =), 502 “205 c= 17357 = 6,541) 1, /05°=— 4,836 
30 - 34 -1,187 229 — 958 me CI 57 - 680 - 3,534 VO ee 2 hor 
35 - 39 -— 764 ay asi tle) - 352 - 64 - 416 ip” Aal Ws hss 169 - 1,986 
40 -— 44 79 5 84 - 95 - 33 - 128 - 364 95 - 269 
45 - 49 103 35 136 - 51. =e es 58 - 238 25 - ZUR 
50g 545 = 2c 27 - 242 - Sl = 3 54 - 603 - 117 - 720 

~ me A55 15 - 140 - 42 9 - Che: - 94 4- 90 

os - - - 99 = 9 =— 108 ~ ll- 4- 15 - 88 - 17 = 105 
65 69) ="* 150% =) *6°=— “156 4- 6- 2 93 17 110 
70+ =- 220 - 4=- 224 2 r3 is 308 148 456 
Total, 

10+ -9,185 1,345 -7,840 -5,651 375 -5,276 -26,259 6,362 -19,897 
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previous section, survival ratios of in- 
born population of a province are ap- 
plied to the in-born population enume- 
rated there and elsewhere. Consequently, 
different survival ratios are applied to 
the lifetime non-migrant and the life- 
time in-migrant components of the pop- 
ulation enumerated in the province. An 
alternate procedure to the one employed 
here is to apply survival ratios of the 
in-born population to (i) the population 
born in and residing in the given prov- 
ince at the census date and (ii) the pop- 
ulation born elsewhere and residing in 
the given province at the same date 
(Burch, 1962; Elizaga, 1965, pp. 76-106). 
In this procedure the assumption is that 
the survival ratios of the in-born pop- 
ulation are applicable to the entire resi- 
dent population of an area. From a prac- 
tical point of view such a procedure can 
be justified; but the main objection to 
it is that only the component of in-born 
population enumerated in the same area 
or province of birth gets its proper sur- 
vival ratio. As stated by Eldridge and 
Kim (1968, pp. 8-9), “The entire mi- 
grant population (“migrant” in the sense 
of their living outside their area of 
birth) gets the “wrong” survival ratio, 
that is, a survival ratio to which they 
have not contributed, the ratio of a 
closed population to which they do not 
belong.” 

The effect of the two estimation pro- 
cedures could be found only in the net 
migration estimates of the out-born pop- 
ulation and in the net balance of migra- 
tion which is the sum of net migration 
among in-born and out-born. Estimates 
of net migration using the two proce- 
dures were prepared and compared for 
1951-61; a summary comparison of the 
results is shown in Table 2 (procedure 
A was used in the present study and B 
refers to the alternative procedure). 

Except for Alberta, British Columbia 
and Yukon and Northwest Territories, 
the relative deviations between proce- 
dures A and B are small, ranging from 
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TasLeE 2.—Comparison of Estimation Procedure 

A Used in Present Study with B, an Alterna- 

tive Described in Text, with Respect to Net 
Migration 


Net migration, to- 


tal, by procedure Pct. 
A B 


Province dev. 
Newfoundland . -13,863 -13,872 : 
Pr. Edward Is. — 9,987 -— 9,928 OR 
Nova Scotia. . —36,070 -36,021 0 
New Brunswick. -30,712 -30,327 ake 
Quebec’ s).5 <5 =—26,288s—26, 5060) — le 
at 
3 
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Qs « Gg og AO~,SO BIE & 
Manitoba . . . -31,556 -32,619 — 
Saskatchewan . -72,510 -71,837 A 
Mibyesaeely Gg ng pe BOLEWG Gas. 
Brit. Columbia 53,992 34,829 -35. 
Yukon & N.W.T. 507 696 Bic 
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0.1 to 3.4 per cent; the deviation for the 
Territories can be discounted because of 
the small numbers there. The high per- 
centage deviations in Alberta and Brit- 
ish Columbia were the result of two 
factors: (i) the comparatively high por- 
portion of out-born persons there, and 
(11) the relatively low death rates in the 
two provinces. In 1966, for example, 
when the age-adjusted death rate for 
Canada was 7.2 per 1,000 population, the 
corresponding rates for Alberta and 
British Columbia were 6.7 and 6.9 re- 
spectively (DBS, Vital Statistics, 1966, 
p. 106), the second and fourth lowest 
rates among the provinces. 

Examination of the migration esti- 
mates by age shows that the relative 
differences are larger at the older ages. 
Similar results were observed in a recent 
study for the United States using divi- 
sion of birth residence data (Eldridge 
and Kim, 1968, pp. 12 and 13). The 
relative differences by age also show that 
Alberta and British Columbia had the 
highest differences between the two ser- 
ies of estimates, 

If procedure A is accepted as the better 
of the two, it may be concluded from 
the foregoing findings that in most cases 
procedure B can be relied upon for esti- 
mating interprovincial total decade net 
migration 10 years of age and over, and 
for five-year groups under age 50. 
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5. COMPARISON OF INTERCENSAL 
MIGRATION ESTIMATES FOR THE 
CANADIAN-Born POPULATION 
CALCULATED BY DIFFERENT 
MeEtTHops 


The purpose of this comparison is to 
examine the relative accuracy of inter- 
censal net migration estimates calcu- 
lated by three methods using three sets 
of survival ratios: (i) the place of birth 
survival ratios (PBSR); (ii) the census 
survival ratios (CSR) and (iii) the life 
table survival ratios (LTSR). 

The main problem in estimating mi- 
gration by the census survival ratio 
method is to achieve a “closed popula- 
tion” for Canada which is the theoretical 
requirement to calculate the national 
census survival ratios. A reasonably 
closed population of the native born was 
obtained by the inclusion of the Cana- 
dian-born population enumerated in the 
censuses of the United States with the 
corresponding numbers enumerated in 
the Canadian censuses. Using the esti- 
mated Canadian-born population for 
1951 and 1961, ten-year forward survival 
ratios for the Canadian-born popula- 
tion, 1951-1961 were calculated. These 
ratios along with the regional life table 
survival ratios for the same period (cal- 
culated from the average values of the 
life tables 1950-52 and 1960-62 (L,) for 
the total population) have been pub- 
lished (George, 1970, Tables 3.4 and 
3.6). 

The fluctuations in census survival 
ratios and for ratios greater than unity 
in some age groups may be due to such 
factors as under-enumeration or over- 
enumeration, errors in reporting age, 
either at the initial or at the terminal 
year, and errors in the adjustment of the 
census age data for international migra- 
tion. Despite the limitations of the cen- 
sus survival ratios they are generally 
preferred for estimating intercensal net 
migration using census age distributions. 
The merits of using census survival ra- 
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tios compared with life table survival 
ratios, and the main assumption on enu- 
meration errors involved in the applica- 
tion of national census survival ratios to 
provincial age data have been demon- 
strated by many scholars in the field of 
migration (Hamilton and Henderson, 
1944, p. 200; Price, 1955; Lee, 1957, p. 
26; Zachariah, 1962, pp. 175-183; Ham- 
ilton, 1966, pp. 404-414; Sivamurthy, 
1969). Applying the census and life table 
survival ratios described above, separate 
sets of intercensal net migration esti- 
mates were prepared for each of the 
provinces. It may be noted that the esti- 
mates of interprovincial net migration 
for the Canadian born prepared by the 
three methods include migration between 
Canada and the United States. In order 
to separate this component in estimating 
migration by the PBSR method, the 
Canadian-born population enumerated 
in the United States would have to be 
distributed according to the province of 
birth and residence by age and sex for 
each province. Because of the laborious 
computations involved, it was decided 
not to separate the migration between 
Canada and the United States. 

The total net migration in each prov- 
ince by the three methods and the index 
of deviation are presented in Table 3. As 
expected, the results show that PBSR 
and CSR estimates are closer than CSR 
and LTSR estimates. The same picture 
can be seen in the migration estimates 
by age as well. The age-specific migra- 
tion rates for males calculated from the 
three sets using the average cohort pop- 
ulation as the base are presented in 
Chart 1. The most striking finding from 
Chart 1 is that the net migration curves 
by age obtained by CSR and PBSR 
methods are smoother than the curves 
obtained by the use of the more accurate 
life table survival ratios (for similar 
results, see Hamilton and Henderson, 
1944, pp. 197-206). 

In order to understand the reasons for 
the differences between the three sets of 
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TaBLE 3.—Interprovincial Net Migration Estimates from Place of Birth Survival Ratios, 
Census Survival Ratios, and Regional Life Table Survival Ratios for Canadian Born Aged 
10 and Over, by Sex, 1951-61 


Index of deviation 


Province PBSR CSR LTSR (1)7'@) CS) Ai) 
(1) (2) (3) (4) (5) 
MALES 
Newfoundland . - 6,029 - 6,206 - 4,002 0.97148 0.64486 
Pr. Edward Is. - 4,708 - 5,408 - 4,877 0.87056 0,90181 
Nova Scotia. . -16,172 -17,924 -14,296 0.90225 0.79859 
New Brunswick. rod bs Yay igs -16,955 -14,073 0.80879 0.83002 
Quebec . ..- -11,654 = 2 hee XS) 5 CMOS 0.96219 -1.92396 
ONMESC5 6 6 6 12,047 6,954 SIS) pal hg eae 5.69629 
Manitoba . e« e« =—13,739 -15,066 Lib peley74 (0), STL EI 0.79198 
Saskatchewan . -34,143 -35,478 -32,037 0.96237 0.90301 
Alberta. .. « 15,604 19,860 XS} OMSYT/ 0.78570 1.20629 
Brit. Columbia 29,174 37,409 44,171 0.77986 1.18076 
Yukon & N.W.T. 193 138 378 Tas9855 Bo eels 
Canada . « e -43,139 -44,788 50,204 0.96318 -1.12093 
FEMALES ; 
Newfoundland . - 7,840 ~10,724 - 8,413 0.73107 0.78450 
Pr. Edward Is. Diy 2 7 - 6,145 Ff A syly, 0.85875 0.89699 
Nova Scotia. . -19,897 -23,210 -19,279 0.85726 0.83063 
New Brunswick. -17,001 -23,112 -19,814 OF7 3559 0.85730 
Quebec . . « e« -14,630 -19,828 Ae} ESN) 0.73784 -0.66547 
Ontario. ven ns 7p, 259 21,441 45,453 0.80491 Pre dlalisscyal 
Manitoba . e« e -17,814 -19,415 -16,567 0.91754 Onsosow 
Saskatchewan . -38,369 -39,410 -36,231 0.97358 0.91934 
Alberta. . « e le OC, aU abeie) 19,816 0.73654 Ne PAPAINSS 
Brit. Columbia 24,813 33,649 £)7) A OPAT 0.73741 1.12714 
Yukon & N.W.T. 310 298 436 1.04027 1.46309 
Canada... - -66,551 -70,317 shaky statal 0.94644 -0.15659 


Source: George, 1970, Table 3.5 for PBSR and CSR. 


estimates and to assess the relative re- 
liability of each, the major factors that 
create these differences may be ex- 
amined. If there were no errors in the age 
and place of birth data used, and the 
survival ratios were exact, the estimates 
from all three methods should be identi- 
cal. This is because estimates of inter- 
censal net migration from the three 
methods give only the net migration 
among those living to the end of the 
intercensal period. The divergence in the 
results suggests errors in the data and 
limitations of the methods used for cor- 
recting errors in basic data. The main 
factors that may affect the estimates 
are: (i) under-enumeration or over-enu- 
meration of the population; (ii) mis- 
statement of age and/or place of birth; 
(iii) international migration; and (iv) 
application of incorrect survival ratios. 

Errors in the basic data affect all three 


LTSR, see text. 


sets of intercensal estimates and their 
effect depends on the variation of enu- 
meration errors in the two censuses. One 
of the assumptions involved in the appli- 
cation of census survival ratio method is 
that to obtain migration estimates free 
from enumeration errors, “the ratio of 
the degree of enumeration in any age- 
Sex group in a state (i.e., the proportion 
which the enumerated population in any 
age-sex group bears to the true popula- 
tion) to that of the nation” should be 
equal for the same age-sex cohort in 
both the censuses (Zachariah, 1962, p. 
177). The available information on the 
quality of census data suggests that Ca- 
nadian censuses have been of varying 
quality and that the proportionate enu- 
meration errors are of unequal magni- 
tude in the different censuses. Therefore, 
it is unlikely that this assumption will be 
fully valid in the estimates made here. 
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However, under this assumption the 
amount of migration and the error com- 
ponents will be separated; and the esti- 
mated amount of migration will be in- 
dependent of the error in the first census. 
As a consequence, when the amount of 
migration is divided by the population 
at the second census, it is possible to get 


Chaat 4-- 
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a migration rate free from enumeration 
errors. The reason for this is that the 
percentage error in the migration esti- 
mate would be equal to the percentage 
error of enumeration in the population 
at the second census (for proof, see Zach- 
ariah, 1964, p. 149). It also permits the 
obtaining of net migration estimates 


RATES OF INTERPROVINCIAL NET MIGRATION AS ESTIMATED BY 
THE CSR, PBSR AND LTSR METHODS FOR CANADIAN-BORN MALES 
10 YEARS OLD AND OVER, BY AGE, PROVINCES, 1951-1961 
(RATE PER 1,000 AVERAGE CANADIAN BORN POPULATION OF APPROPRIATE AGE ) 


NEWFOUNDLAND + 200 
L LIFE TABLE SURVIVAL RATIO - 
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Source: George,!970, Appendix Tobie A.2 for PBSR rates; other rates were obidined os discussed in Section 5 
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above age 10 free from the effect of 
enumeration errors under age 10 which 
are common in census enumerations. The 
effect of enumeration errors is likely to 
be more if migration estimates are made 
by the LTSR method than if they are by 
the CSR and PBSR methods because of 
the application of fairly correct survival 
ratios to incorrect population data. The 
effect of misstatement is likely to be 
different for CSR and PBSR estimates. 
If a person born in another province is 
reported as being born in the province of 
enumeration, he will not be counted as 
a lifetime migrant. On the other hand, if 
the age of a migrant (a person residing 
outside the province of birth) is mis- 
reported, he will appear in another age 
in the PBSR estimate. This is not pos- 
sible by the CSR method. If the age 
misreporting of the population is not of 
the same type and magnitude in the 
provinces and the country as a whole, 
the error from this source in the migra- 
tion estimates by the CSR method can 
be substantial. By the LTSR method, 
any defect in the reported age distribu- 
tion will have its full effect on the esti- 
mates, and there is no possibility for 
cancellation of this error. 

In the present case errors in the esti- 
mates of international migration will 
affect only the migration estimates by 
the PBSR and CSR methods. For, in the 
LTSR method the survival ratios ap- 
plied are independent of the effect of 
international migration. The estimates 
by the PBSR method will be subjected 
to errors in the estimation of the number 
of Canadian-born emigrants by age, and 
in the allocation of this number by prov- 
ince of origin. The estimates by the CSR 
method are affected only by the former 
type of error. 

Because separate survival ratios for 
each province or region have been ap- 
plied in the case of PBSR and LTSR 
methods, migration estimates by these 
methods will be practically free from the 
effect of differences of mortality level 
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and pattern in the provinces. However, 
it may be noted that the life table sur- 
vival ratios used are derived from the life 
tables for the total population (Cana- 
dian born and foreign born together) and 
not solely for the Canadian-born popu- 
lation as required in the present case. 
The available data on mortality for the 
Canadian born and foreign born indi- 
cate significant differences in the death 
rates between the two groups (George, 
1970, C. III). 

Although it is difficult to prove con- 
clusively the superiority of one method 
over the other for estimating intercensal 
net migration in Canada, the preceding 
discussion and the comparison of the 
three sets of estimates suggest that the 
net migration estimates for the Canadian 
born by the PBSR method are probably 
more reliable then those by the other 
two methods. Judging from the method- 
ology, the data used and the consistency 
of the results, the second best is the set 
of estimates by the CSR method. The 
main difference between the PBSR 
method and the CSR method lies in the 
use of different sets of survival ratios; 
provincial survival ratios were used in 
the PBSR method and national census 
survival ratios in the CSR method. Fur- 
ther, whatever the relative accuracy of 
the estimates by the PBSR method, it 
provides more details about the net mi- 
gration of the native born than those by 
the other two methods. Thus, it is pos- 
sible to estimate separately for each 
province (i) net gains or losses due to 
migration of persons who were born in 
the same province and (ii) net gains or 
losses due to the migration of persons 
born elsewhere in the country. Also, it 
is possible to get detailed data by the 
PBSR method for studying individual 
intercensal migration streams between 
provinces. 

The sum of the net migration for all 
the provinces together should have 
yielded a zero balance for Canada. This 
did not occur in the estimates made here 
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by the three methods because of the 
effect of external migration. The net 
balance for Canada as a whole repre- 
sents the net migration between Canada 
and other countries, mainly between 
Canada and the United States during 
the decade. The PBSR method estimated 
a loss of 43,1389 males and 66,551 females, 
among the Canadian-born population 
during 1951-1961, while the CSR esti- 
mated a loss of 44,788 males and 70,317 
females. Most persons probably migrated 
to the United States. When the esti- 
mates by the CSR method were made 
after distributing the estimated Cana- 
dian-born population in the United 
States in 1951 and 1961 by province of 
origin, the balance for Canada was re- 
duced to almost zero for both sexes. 
Thus, the net migration estimates given 
in Tables 1 and 3 include migration be- 
tween Canada and the United States as 
well. By applying the provincial survival 
ratios (George, 1970, Table 3.3) to the 
Canadian-born population enumerated 
in the United States by age and sex in 
each province of origin, separate net mi- 
gration estimates between Canada and 
the United States could be prepared for 
each province. 


6. ADDITIONAL COMMENTS ON 
ESTIMATES OF NET 
INTERPROVINCIAL MIGRATION 


The relative merits of the migration 
estimates by the place of birth survival 
ratio method over the CSR and LTSR 
methods are discussed in the preceding 
section where it is shown that the level 
and pattern of migration estimates by 
the PBSR method were closer to those 
by the CSR method than to the esti- 
mates by the LTSR method (see Chart 
1). Whatever relative superiority the 
PBSR method has, the differences be- 
tween the estimates at the advanced ages 
should be interpreted with great caution 
because demographic data for persons 
in the advanced ages are generally 
rather poor. Of the advanced ages, the 
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estimates for the open-age interval 70 
years and over are likely to be the most 
unreliable, Despite the relative merits of 
migration estimates by the PBSR 
method, it may be noted that the esti- 
mates should not be taken as an exact 
measurement of net migration, but 
rather as an indication of the dimension 
of the movements of the population. 

For the sake of convenience, the de- 
tailed net migration estimates by age 
and sex for each province of births orig- 
inally computed are rearranged and are 
presented in Table 1. The table gives for 
each province (i) the decade net migra- 
tion of its own in-born population with 
respect to all other provinces together, 
i.e., mostly total “net out-migration;” 
(11) the decade net migration of its own 
out-born population i.e., mostly “net in- 
migration”; and (ili) the “net balance of 
migration” which is the sum of net in- 
migration and net out-migration. Thus, 
for Ontario the numbers under “net mi- 
gration of in-born” represent mostly the 
total net interprovincial out-migration 
from that province to all other provinces 
together, the numbers under “net migra- 
tion of out-born” represent mostly the 
total in-migration to Ontario from all 
other provinces together and the numbers 
under ‘“‘net balance of migration” repre- 
sent the sums of the net in-migration and 
out-migration (for details see George, 
1970, Table A.1). The positive signs 
against the net migration of the in-born 
and the negative signs against the net 
migration of the out-born indicate the 
effect of return and secondary migration 
(See Eldridge, 1965b, pp. 444-455). 

It should be noted that the migration 
estimates prepared and discussed in this 
paper relate to Canadian-born popula- 
tion only. Interprovincial net migration 
estimates for the foreign-born popula- 
tion were separately prepared elsewhere 
by the census survival ratio method, 
using census survival ratios for the na- 
tive born adjusted for mortality differ- 
ences between the native born and for- 
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eign born (for details see George, 1970, 
C. IIL). The sum of net migration of the 
Canadian born and foreign born would 
give the total net migration for each 
province. 


7. Net Micration AMONG PERSONS 
UNDER 10 YEARS oF AGE 


The three methods of estimating in- 
tercensal migration, by age, yield esti- 
mates only for the population aged 10 
and over on the terminal census date 
(that is, persons who were enumerated 
in the first census and survived to the 
second census and not those born during 
the intercensal period). Hence, separate 
net migration estimates were directly 
derived for population under age 10 
from the place of birth and residence 
distributions, by age. For this group 
“life-time” migration is the intercensal 
migration (see Eldridge and Kim, 1968, 
p. 7). Therefore, intercensal net migra- 
tion estimates for the group under age 
10 were directly derived from the place 
of birth by residence data. The results 
are given in Table 4. 


8. SumMMaARY AND CoNCLUSION 


Statistics of persons classified jointly 
by place of birth and residence and tab- 
ulated by age and sex for successive 
censuses are seldom available to make 
full use of place of birth data. In Can- 
ada, unlike many other countries, such 
data are available in each of the de- 
cennial censuses from 1931 to 1961 which 


Taste 4—Net Interprovincial Migration of the 
Canadian Born Aged 0-9, 1951-61 


Province Male Female 
Newfoundland . - 450 = 362 
Pr. Edward Is. - 220 - 203 
Nova Scotia. . A (HSE) -2,414 
New Brunswick. -1,432 = E96S 
QuecbeCT a. sine 868 919 
OntarioOvms mers SIRO SDD 6 
ManaitOba) sone -2,986 -3,152 
Saskatchewan . = 5 7316.0 25 
Alberta. al oo 8 PR AL SXG) 1,988 
Brit. Columbia 6,383 Soo 
Yukon & N.W.T, 98 45 


Source: George, L970 *ablemsegs 
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permit the estimation of intercensal net 
migration by age and sex for provinces 
and regions. In this paper the problems 
and procedures in estimating intercen- 
sal migration for Canada, 1951-1961 
using “place of birth survival ratio 
method” are discussed with a compari- 
son of estimates with other estimates 
based on survival ratios for the same 
period. 

Examination of the various types of 
“errors” in estimating intercensal net 
migration by simply subtracting place of 
birth information from the earlier census 
from that for the later census showed 
that the most serious error associated 
with this procedure was caused by mor- 
tality. 

Assuming that the native-born popu- 
lation of Canada including those enu- 
merated in the United States is rea- 
sonably “closed,” provincial intercensal 
age-specific survival ratios for the popu- 
lation born in a province (in-born) were 
calculated for 1951-1961. By applying 
these survival ratios to the population 
born in a province and residing there and 
in each of the other provinces in 1951, 
expected numbers of this population 
for 1961 were obtained. The difference 
between the expected numbers and the 
corresponding numbers enumerated in 
1961 gave estimates of net change due to 
the intercensal migration of the popula- 
tion born in each province with reference 
to each of the provinces. 

The comparison of net migration esti- 
mates for the Canadian-born population 
obtained by the place of birth survival 
ratio method (PBSR) with those by the 
census survival ratio (CSR) and life 
table survival ratio (LTSR) methods 
showed that the former two estimates 
were closer than CSR and LTSR esti- 
mates. The most striking finding was that 
the net migration curves by age obtained 
from the CSR and PBSR estimates were 
smoother than the curve obtained with 
the use of the more accurate life table 
survival ratios. The comparison also 
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suggested that the net migration esti- 
mates by the PBSR method were prob- 
ably more reliable than the other two 
sets. Further, whatever be the relative 
accuracy of the estimates by the PBSR 
method, it provides more details about 
the net migration of the native born 
than by the other two methods. 

Separate estimates of net migration for 
the population under age 10 were di- 
rectly derived from the place of birth 
and residence distributions by age. For 
this group the “lifetime” migration or 
“birth residence index” is the intercensal 
net migration. 
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